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Depreciation Lives for
Telecommunications

Equipment:

Review & Update

l ocal exchan!!e can'ier<; (LEes) h;.l\'e \)\\~r 52:;0 hilli\)n In\"l:st~d in th~ir n\.?t

works, Q\'er 80<, or this !nYestment talI:-, Il1to three categones~)lItsIJ~ rbnl.

circuit. and ..,\\·itching, In ~:lch category. tremendous :.:hange'. are unlkr\\a~ \\hich

are obsoletin!! the bulk 01 'c\i"tin!! inw"tment and makin!.: nec~ssal"\ lar!!e amollnt".... . .... - - ...

of new inwstmenr. Since telephone equipment h:ls traditionally been assignet.! 11m:;
depreciation li\'es. these changes mean that existing equipment \\ill be obsolete. ant.!

likely Ollt of sen' ice. well before existing im'estment has been reco\wed under cw
rent regulatory depreciation schedules. Thl'" report rn·1C\\· ... our assessment of th~

situation and our recommemiJtion<; for LEe deprecIatIOn li\'e<;,



Depreciation Lives for Telecom Equipment

Drivers for Change

There are three highly-interrelated drivers that are driving change in telecommu

nications: technology, competition. and new services. None of these are fully

accounted for in the traditional approach to regulatory depreciation. This section
briefly reviews these drivers and how they reinforce each other.

Technology Advance

Advances in technology are providing more efficient and functional ways of

offering traditional telephone services. as well as wireless services. video services.

and new digital communications. Four of the key technologies are:

• Fiber in the loop (FITL), including any architecture that extends fiber into

the distribution portion of the local loop. The last link to the customer may

be on fiber. copper pairs. coaxial cable. or wireless.

There are a number of architectures that are under consideration or are being planned. A
true consensus has yet to emerge on a single FITL architecture. Continuing changes 1!1

technology costs, regulation, business relationships. market forecasts. and market share
assumptIons probably mean that consensus will be arrived at only gradually. Whatever
archItecture IS chosen, it will displace the vast majority of copper investment.

• Advanced digital switching. especially Asynchronous Transfer Mode

(ATM'l switching.

The next major SWitching generation, ATM switching, is optimized to handle all types of J

traffic on the net\\'ork efficiently and quickly. Today's digital switches use time division J

multiplexing to connect continuous streams of digitized voice or data at 64 Kb/s for the
duration of a call ThIS is efficient for tow-speed. circuit,switched applications such as voice. but
it IS unusable or inefficient for high-speed digital applications, especially those with bursty (non·
continuous) traffic characteristics. ATM SWitches, on the other hand. use small fixed-length
packets called cells. Unlike conventional packet SWItches, ATM SWItches do not introduce
Significant Signal delay (because of the simple cell structure) lNhich means they ca.n be used for
continuous. real-time applicatIons such as vOice and videoconferenclng. However, since ATM
uses packet switching, it is also good for burstY data traffic. The abilitY to handle all tYpes of
traffic. at all variable data rates. not only makes ATM an efficient switCh, but It is also ideal for'
networked multimedia applications that use all tYpes of communications.
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Review & Ucaa.:e

• Synchronous Op[ical \"et\\'ork (SO\"ET) ,r;.msmi~!'iion lm fiher opu.: ': ,

[ems. including \"ext Generation Digital Loop CllTi~:- I :\GDLC) "y"tem"
incorporating SO\"ET.

SONET is a new format for organizing Informatlor. 01'1 a fiber O;::tl:::S cnanne! that 'e:::::'~~;::5

the need for integrating different 'tYpes of t..affJc Orl the same oa,r of ;Ieers A.r.'1:r.; ::s -~a.r-.

advantages are standardized oprcal ana electrIcal Interfaces tC which a:1 sucpliers mus, adner~

Another is that an individual information stream on a flDer cnanne! can De effiCiently secarate::
from the rest of the information on the cnannei. With ·a SONET ada·drop mUltlolex,=r 0.-:-;

signal can be extracted with a single piece of equipment without breaking down the \·.hc:~

signal. SONET add-drop multipiexers are already cost-competItive with asynchronous ea:..:::mer:
and soon will be commodIty Items tr,at are Integrated IntO almost everY olece or C!:"cwt ,ar.:
switching) equipment. This will render reduncant much eXIsting mCUlt eQUIomen::1C;uc,-;
digital crossconneas and multiplexers.

Further. with SONET, carners can mlx·and·match CIrcUIt equipment sc tr:at tne',' can us~

differem manufacturers' equipment. This, of course. prOVIdes operational and eqUlOmer.t
savings. as well as more competition bet\-veen manufacturers, Later on, SONET Interfaces Will De

built directly Into SWitches. leading to even more equipment savmgs NGDLC systems \',1i'
directly link to switches through SONET interfaces. From the same unit. some channels may t'e
connected to other switches or facilities using a built·in SONET add·drop multiplexer CirCUIts
:ould be transferred from one switch to another instantaneously. This will give carners much
"nore flexibility when it comes to dealing with SWitch manufacturers SONG '.... '11 benef:t
customers as well as carriers. In addition to the inherent economic benefits of a more effiCIent
network. SONET will prOVide greater reliabilitv through its supoOrt of fIber ring architectures ard
enhanced response time and flexibility In provisioning new channels

• High-capacity digital wireless technologies such ;.1" Time Di,·i ... im: \lullipk

Access l TD~\'lA I ~nd Code Division i\'lultiple Acc~ss (CD\ 1A 1.

These digital Wireless technologies can multiply the capacity of eXlstmg cellular systems bv a
factor of from three to 10 and Wil! also be utilized with the new personal comm:.lI"l:::atlC:1~

systems. One Implication of the mcreased capaCIty IS the ability to compete more directly \'JIm

wlreiine service.

In a nutshell. the benefits of these technologIes are r~duced operating COSh.

reduced capital costs. hener sen'ice. or. in some cases. nc\\' sen'lccs. Thc te::h
nologies are all well-understood and do not requlfl: scientific. engmeenng. or ew
nomic breakthroughs to he deployed. There IS \\'ldespreaL! agreement anout theIr
henefit~ ..1Od cost target:->. Whik there [" some -:omroversy aQal1t the dewib and
lIming. there !~ COn!'iCnSllS that 1I1~ future of telecOmmUnlL'allOI1S h huilt around

these lechnologle~.
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Depreciation lives for Telecom EqUipment

Com petition

Competition has entered the local exchange business. and it will increase

dramatically over the next few years. So far. most local exchange competition h:.b

centered on the large business customer. Competitive access providers (CAPs) are

already serving large businesses in concentrated areas. and cable television compa

nies are providing alternative access for high-bandwidth services. CAPs are

installing the latest. most efficient technology-fiber optics. SONET. and. in cities!

locations where they pro\'ide switched services. modern digital switching.

The next competitive arena will be the mass market for voice services. Such

competition has already begun in public phones and. in some states. in intra-LATA

long distance. Two additional, more pervasive sources of competition are cable

television networks and wireless networks. specifically cellular and personal com

munications services (PCS). Technolosries are emerging that will allow voice to be-- ... ...
added to state-of-the-art cable systems at a cost that is less than on copper pairs. On

a per-subscriber basis, cellular technologies are already less costly than wireline.

With the new high-capacity digital wireless technologies. such as IDMA and espe

cially CDMA. wireless technologies will also be less costly on a per-minute of use

basis. Exhibit I illustrates some of these cost comparisons.

Because they are more efficient. the new technologies offer very substantial cost

advantages to new entrants in local telecommunications. These new entrants can

invest in the most efficient modern equipment without regard to an embedded

infrastructure such as the LECs have. This. in turn. will pressure LECs to adopt

new technology quickly in order to stay competitive. Thus. competition remforces

the technology drivers and magnifies the obsolescence of the old technology.

4
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Exhibit 1
Investment Per Subscriber
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_Induslr: in\estmcm of S260 hllion and 150 million a(.:.:s~ lin.:~ ~l! : <:.lr-.,:n,: !qll.,
- \"el rlanl assumes ..HY' d.:rrcc:iatiun rc~.:r\"i.~ \ industry a\·.:r:.l~': at ye~lr-end IYY_' L
; Total \\'Ircless industry in\'estmenl divided hy numher of L:ustomer~ (s(1ur,:~: CTIA. \ <:ar-<:nd
}1)9.',

- .-\nnu~11 wirclcs, Illuuslry \11\ ~stm.:nt inL:rcase L!i\"iueu hy (U~\l)mer' :;Jmed I, 'OUI...:C: CTL\.: <:;Ir·
~nJ !99.' I.

.. Estimate hy Halfield ,-\"('':Ial':~. Inc III a l'N4 stud\ tor \lCI. .\It.:rnatl\" Distnr-Uli,ll) ~ll)d

.-\.:.:C~, T.:.:hnoioglcs InL:lud ..·, IJnd JnL! huiilJings. ,\\il.:h. n<:I\\(\11 l[1(erl~l-"': unit. h~d.Jl,llli . .lnd
.:u,Ull11er .:nnncL:tinn I slmlb: II' Ie.: r.lld hy L:cllulJr t\l sale, .lgent. Si2() I.

.. Estimal': hy David P. Rc:.:d III "The Pro,peL:t, lor Comrctilion III the Suh~nih.:r Loop: TIll.'
Fih.:r-Il1-lhe.. \"cighhorhooL! .-\rrroJL:h."· rrcscnlcL! at the 21 'I Annu.d Tcl<:L:ommunlL:ati\lns R,:s':~lr.:h

Pnli..:y Cont'crence IScptcmhcr 1\.)9.'). It represem, .:o,ts allo.:atcd llllc:il:phnnv ror llr~radlllg:1

L:ahk system for imeraclJ\'c T\" .lnU 1.:!L·phony.
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Depreciation Lives for Telecom Equipment

New Services

The third driver is the impending emergence of digital communications sen·ices

for the mass market. These sen'ices will support both televisIOn and computer

based applications requiring digitized transmission of text. audio. and still Jnd

moving Images. The applications for these sen'ices include advanced fax. com

puter-based imaging. L~" interconnection. videoconferencing. imeractiw multi

media. video on demand. and interactive television. Today. the market for digital

communications services for these applications is relatively small: however. the

potential for grO\vth is tremendous. especially when these services are extend~d

beyond large business customers.

LTltimately. the telephone network will provide full broadband. multimedia

conm1Unicntions services based on three of the technologies we have mention~d:

fiber optics. SONET transmission. and ATM switching. Along the way~ inter

mediate steps will include narrowband Integrated Services Digital Network (ISD~)

and video on demand services. Since some of the new services blur the traditional

distinctions between telephony, television. publishing. information systems. and

computing. they foster a new type of competition focused on the convergence of

these industries. In this environment competitive ad\'antages belong to those

companies that can deliver a package of diverse services for the least cost. As it

happens. the new technologies al!o\\" delivery of multiple services at overall costs

that are comparable or less than the traditional delivery mechanisms for the

indi\"idual services.

Impacts on Depreciation Lives

Alone. anyone of these drivers would cause signiticant change in the depll)y

ment of technology. Together. they are forcing unprecedented change that is ren

dering most oftoday's telephone network obsolete. Although satisfactory for voice

sen' ices. today's network is expensive to operate and offers limited functionality in

terms of mobility and digital services. Ir \\"as optimized and constructed for the age

of dectromechanical and analog SWitching and copper cable. an age which for a

decade has been giving way to digitai switching and fiber optics. Much of the

eqUIpment placed m the last decade IS becoming obsolete in the face of new tech

nologies such as SONET and AT!\1. Thus. if LEes are to remain viable. they must

rebuild their networks-sooner rather than later. This necessitates continued.

6
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massi\'e investment in new technology that requIre, I1ju..:l~ ,non;:; ii\e:- 1'(1r ~:\i.;tm;

investment than are currently pre\crihed by re~dJlOr'"

Weaknesses in Regulatory
Depreciation Methods

The traditional method for estimating depre~lation ij\6 I" to ::'\~~::::::: mOlu.iit: .
data for older vimages :lnd Js-.unle that all \'image, \\"ill e\peri~n..:-: :11-: ,amI? ~l~e

dependent characteristics, For example. if 600 of the unit, of a r:U1i,;uiar tl?,,'lllwl
ogy installed in 1983 were still in ,ervice in 1989 i ,i\ year" l:.lt":f). \\C \\l'uiJ

assume that 60£7( of the units installed in t990 \\'ould .;till be in ,erq..:c in ll)ll~

(again. six years laterl. \This greatly o\'er-simpiifies. but captures the ha:-.i..: IJ\?~~,

The assumption of age-dependent retirements reflects a situation where \\"t~ar-nu: "I"

breakdown drives the replacement process. Under this model. ne\\" technology (or

perhaps a new unit of old technology) replaces old technology only \\'hen the niJ
technology wears out or breaks. This is an accurate model for some situations: for
example. it reflects the way most companies replace mowr vehicles,

Today. however. technological obsolescence is a major cause of retirements i:-:
telecommunications for switching and cir~uit equipment. and j-. abo expected to h~

for outside plant in the near fllture. (Other uri\'er.;-...:omrcrillon and nl?\\
"t:nices-are !:lrgely ret1ected in this dri\'er.) \lol1;llity :lI1al: " .. ;t!one j, nl)t
appropnate in such a .. itu:ltion. This j" m:.iJc dear In Exhibit 2. \\"~H,;h piot, the
vintage SUr\'I\'or curves for crossbar switching. These are similar to noml~l

SllIT!\'Or curves except that;] separate investment life cycle is ..110\\11 1'01' cad:

\'int~lge of equipment. :\0te the "J\'alanche effect" hetween 1l)7~ and 19S0, Durinf

this period. all \"images expcri~nceJ sudden ~ll1d simultanC?ou, rC'trl'menh. :1'

electronic s\\'itching \\'a:-. r~lridly Jdorteu,

One can abo see 1'rom the a\"al:mche cur\"e.; tllar. when tcchnologlCJl obsok... 
cence is the major dri\'er for retirements. there 1... no such thing as a ,,'onst:mt ser\'Il':c

life. Equipment purchJsed tHe in a lechnoh1gy generation \\'dl ha\"e J much shoner
life than a piece (1f eqUipment purchJseci e~rller. Further. th\? expcct-.:d ';C!"\lce lik

of equipment purchased brc In thc cycle I... roughly the same as the ;l\Cragc j'emam

mg life of eXlstmg eqlllpment. These nl)"er\";,llons are Lontrary to mort~dity-haseJ

depreciation. but they ret1~cl r~~t1ity

7



DeprecIatIon Lives for Teiecom Equipment

Most important. until the avalanche begins. life estim:Hes for the old technology
usin!! mortalitY-based analvsis will be based on an extension of the pre-avalanche- . .
trend and. thus. will be way too long. Not only will the life estimates be \\"fong.
but they will be wrong right up to the moment the avalanche begins. To use a
different metaphor. this is like paddling a rowboat without ever looking forward.
You are ewer the fall;; before you know anything is wrong ~

Exhibit 2
Avalanche Curves

1940·1\5 CrOSSDlU' Vi",,";es

Plant In ServIce (Milho" Dollars)

60~------------------;

50

40 _

3°1
20 J

..J
185111mlJI I ••

Ii' If

o /.
1940 ';50 lIMo 1170 19'80 1990

YEAR

5mll'c£': Bc1knn:

The original replacement technology for crosshar s\.... itching was analog stored
program control (ASPCl s\\'ltching. first introduced In the mld-to-Iate 1960s, Note
that the a\'alanche of crossbar retirements begms in about 1975. more than fiw
years after the mtroduclJon of the new technology.
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,-\/so note rh;.!t \'ery large :.lll1tlUl1b of in\(':>tl11c!1t \\C:'C l11~l.1(' In the l)ld t('clm,l/

o~\' H~r\' t:.lte in its life cvcle. e\'en atre:" the 11('\\ t':~'!llW!','~\' \\~l:- ~l\~l1tl:~!":'-. .. _.
,-\lthouf;h rhis beha\'ior may "eem odd. it I:> typk'al ()f man: t.:'.·:m\'i,'~ie' .1I1.: \:~::~

often be rerfectly ration;J.!. (F0r ;:\:.unple. million" pi '+SA r~r~on~l: ~'t'm;"'~!~l'''' :~~l'.'::

been ,old since the introduction of the replac~ment tcchn('ll"~Y. the P;:I111Lim.· i' ~'.,:~

result from se\"eral t';lCro:'·;:

( I ) The need ro maintain exiqing equipment and "e("\'ic~ !~\('b.

121 Restrictions on the availability of the ne\\' rechnol0gy.

(3 I High relative costs for the new rechn0!ogy early in ib lite cy..: le,

(.+) An inherent bias toward the existing technology,

However. we must keep in mind that the last purchases of old rechnoit"gy \\ill ha\'e
especially short lives.

An important implication of this phenomenon is th.a recent investment patterns
in the old technology tell us little ;lbom the likely adoption of new rechnoll")gy. eVen

in the near future. Purchase \'olumes of the ne\\' technology l11..ly be smaller than
those of the old technology almost {('l the time the avalanche be:;in".

Using Technology Forecasting to
Estimate Depreciation Lives

ForrLlnJ.t~Jy. there are rdi:.lhl~ methods that allo\\ LIS It' forcca:-.I (L1tLlr\? t~~hndl

ogy changes and. thus. Jcprcciarion lives. D~\'t~lor~d and tc-:teJ (l\CI' 'llany Y~~lr,

in t~ki.:0111mUnication' ~~nJ ()ther I nJLI"lnes. !hl?s~ m..:tl1l)J:-. h~l\'C rn)\CI1 It' hI.' \ cr:.

reiiabk t'l)j" forc~asting, Thl?lr ba"l' lie, 111 an llnder:-'lanJmg O( the I1nh:CS' 01

technology change and th~ LIse of a\'ailablc data to produce qllantit.lt!\e forecast"

One rechnology forecastin:; mcrhod. substitution analysls. ha:-. been PW\'CiJ
dfeClI\'c in projecting the adopti(~n of ne\\' tcchno!dgles and the ()bsolL',,(el1~';: or did

technol0gies. Substitution n.::"cr" Ie) the displacemclIt llj' ~lil c..,tabli,hcd tcchlllll()~:.

hy a newer technology \\hen the n~\\' technolug~ Pl\I\llL::- "'L1b,t~lllllall> imprn\\.:d

capahiliue:-.. perform:mcc. or econl':mcs, \\·it!1,uhQlllaiol1. tcchl1o!t):;ica l 'upclwr

lty of the nc\\ technolo:;y-nol \\'C:l!'-our-IS tJ1e drl\ ~j' lor rcpJacement.

9



!•I
i
I
!
i
I
J

,
I
i

I

I
I
I

\

Depreciation Uves for Telecom Equipment

With substitution analysis, we examine patterns of technology substitution.
The pattern is remarkably consistent from one substitution to another. and is char
acterized by an S-shaped curve when the market share of the new technology is
plotted over time. Exhibit 3 shows the S-shaped curve for the Fisher-Pry model.
Of the several substitution models available, in general, we have found the Fisher
Pry model-and its extensions. notably, multiple substitution models based on the
same principles-to be the most useful for forecasting. The adoption of a new
technology starts slowly because, when it is first introduced. a new technology is
usually expensive, unfamiliar, and imperfect. The old technology, on the other
hand, has economies of scale and is well-known and mature. As the new technol
ogy improves, it finds more and more applications, it achieves economies of scale
and other economic efficiencies. and it becomes generally recognized as superior.
The old technology, because of its inherent limitations and falling market share.
cannot keep up. The result is a period of rapid adoption of the new technology.
beginning at the 10% to 20% penetration level. This corresponds with a period of
rapid abandonment of the old technology, i.e., the avalanche. Toward the end of
the substitution, adoption of the new technology slows down again as the lust
strongholds of the old technology are penetrated.

Since the pattern of how a new technology replaces an old one is consistent. we
can apply the pattern to a technology substitution in progress. or one just begin
ning. to forecast the remainder of the substitution and estimate the end date for the
old technology. We can apply substitution analysis even in cases where the sub
stitution has yet to begin by using appropriate analogies. precursor trends, or
evaluation of the driving forces. More infonnation on the Fisher-Pry model and its
application is provided in Attachment 1.

10



Exhibit 3
The Fisher-Pry Model
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Experience with the Fisher-Pry Model

Allhough no forec:.l~ting method is perfect. our l?\rl?riCl1l'e with the model h~l~

been e\cdkm. Occ<l:,ionally. \\'e compare pnor forecaq ... \\'jlb ... uh'equl?nt data ~l11d

nc\\' r'orccash. The c comp:lri ...ons demC'nstrar:: !he ~ll'::uracy 01' the 111l\,kl \\ llhin

reasonabk roJer:mce ,

An cxampk j, :.l r'()rc':~L,r !h:lt Technology FUIll:'I?'" in.:. (TFll rrcran.:J in : ll,,,q

for the .... lIhSrltlitlOn or' Jigir:d ... \\irching for :mahl:; .,\\ J1l.'hJl1~ h: maJur LEe"
Exhibir -+ ,hmb the I<.JSLJ forecasT. J.nd rhe .~oiju marKer, .,!lo\\, the tJala :l\:lIlal'k

for the forl.X'J.sL The :!l:tual data for .,Uh"C(jllCI1l year.... .,!lO\\'1l hy tllC IH>llcm

marker". lrace~ the 1l)~L) forecast \\'ithin about I O'~ ..tllJ :tllJ1(I.,t c:,\al'tly lllatc!lc.- llll?

projected end d:.lll.,:. Our e~lriicr (orecasts. datln~ h~l.:k lU tlle IJild-ll)SIj." "'erc k, ..

pertect reg:.lnil11g the year-h: -ye:lr pattern. hUI :!l.'CUr.ltl?ly lure<.:a... t the end-date lur

analog s\\'Hching to he het\\'een 1997 and 2001, Thi .. \\~h :It ~i tl1ne \\h~n illan:

;:xpert~ thought ther(' \\oulJ h~ no retir~ment .. ~lt ~dl or ~Ulalll~ ESS "\\lllhe" hefnrL'

:OOO~
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Depreciation Lives for Telecom Equipment

Exhibit 4
.comparison to 1989 Digital Switching Forecast

Digital SWitching (All Typesl
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Comparison of Mortality Analysis
and Substitution Analysis

Substitution analysis provides better indicators of lives thun mortulity-b'lsed
methods because substitution analysis recognizes that technological obsolescence is
the major driver for retirements. As previously noted. analysis of recent retirement
and in\'estment data could not have predicted the rapid retirements of
e1ectromechanic:.l1 switches between 1975 and 1980 (the avalanche shmvn In

Exhibit :2). Using historical data. a substitution analysis perfonned as early as 1970
\\'ould have predicted the avalanche. This is because substitution analysis
recognizes the early adoptIOns of the ne\',' technology. in this case analog SPC
,witches. years before slgmficanr quantities of the old technology are retired-and
~\'en \\"hen large Investments In the old technology are still bemg placed. The early
adoptions. corresponding to the tirst. relatl\'ely flat pan of the S-shaped substitution
curve. Jre often tor growth applJc:mons that do not cause SIgnificant retirements.

12
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However. they are a /m:clIrsor ior lat~r repla.:cm~n: rrl\~rJm, that J\) rC";lllt 111

retirements. Thi~ is one reason why subqitutio!1 anJly'l' c~n rr~Jict the ed~~ ,';

the waterfall. The steep pan of the S-shaped Cllr\"t~. where ne\\ ted1llpil'~\ !'

placed very rapidly. corresponds to the a\'alanche of retirement",

The example shown in Exhibit -+ again illustrate" th~ po\\'er or' tcciml'i\'~:, i,li',,'

casting. Substitution analy"es done m the mid-to-late [980s predicted th~ ~l\J.lan~:k'

that is burying the analog ESS a~counts of the major LEe" today,

Another imponam point is that substitution analysis measures technn!t'gy in

tenns of physical units in lise. For example. we forecast acces..; linc:- in '\.'i'\'ice ,1,'

equivalent circuits in sen·ice. Beside measuring in physical units ratht.::· th~lI1 \;\'\

lars. substitution analysis reflects whether a unit of inYestment i, u"du] d' \'l'l'lhe,~

to whether it is retired. On fundamental principles. usefulness is the bener Jepre

ciation measure because it reflects the producti\'e \'alue of :.In asset. .-\Iso. beC;luse
of the potential lag between the end of an asset" s useful life and Ib retirement.

retirements are typically a late indicator of major changes in an account. Follo\\'lIlg

the avalanche curves. obsolescence-based retirements show up only after the story
is almost o\"er. \1easuring units in use. on the other hand. provide:- ;l ]e;lding indi

cator.

Why Using Technology Fore
casting for Life Estimation Is So
Important Now

Throughout the history of telephony. tec:lmoiog~ ad\'anc~ has -:all:--~J the
replacement of old technology, :1" c\'idenccJ hy prc\'ious a\'abnchc cu["\'(', and S

shaped substitution cur\'e:--, Howe\·er. there arc ,,~\'eral things that make thIng" dil

ferent no\\', First. \\e are in ~l pennJ where rarH! ~1l.h'~Il1CC" 111 1l11LTDcJectromc:-- d)hl

fiber optics technology arc n:..,haping teiecommunic:.ltions economics at an unrrc..'c

dented pace. Second. these changes ;J.re imp:li.:t:ng all parts of the nct\\llrk '1I11uita

neollsly, leading rapidly to ;J. hroadh;J.nd net\\(1rK architecturc that 1" tun<.bl1ll'nt~dl~

different than today' s. Third. there are l\\'O other dlwers. cnmpetitlnn and nc\'.
"en·ices. th:lt reinforce the ajready <;tron:; [l';.·tlr101ogy eln \'cr. The n,''.ulI \\i II he

..,lmultane0u" avalanche Cll["\'~.., occumng 111 ~dl malor Investment cJ.tegtl r1c'- dUring
~he late : l)C)('l.. and earl\ 200Ch.

13



Depreciation Lives for Telecom Equipment

Historically. avalanche curves have been recognized by the regulatory deprecia·
tion process after the fact since traditional depreciation analysis pro\'ides no way to

predict them. Since avalanches usually reflect retirements that occur before the end
of the equipment's prescribed depreciation life. they create depreciation reserve
deficiencies. In the past. these resen:e deficiencies have been recovered by amorti·
zations over future years. This approach worked satisfactorily in the days when
avalanches were the exception rather than the rule. and when the monopoly struc
ture of the industry allowed resef\'e deficiencies to be recovered from future rate·
payers. However. in the new environment. this approach is .less likely to work.
Capital must be recovered while the investment is still useful-before it is retired.
The competitive environment will not allow LECs to recover investment in both old
and new technologies simultaneously. This means that lives must be accurately
estimated as early as possible-before the avalanche begins. and even before
explicit replacement programs are in place, This is why using technology forecast
ing to predict depreciation lives is so important.

TFI Telecommunications
Technology Forecasting Studies

Technology Futures has been applying technology forecasting to the
telecommunications industry since 1984. Much of our telecommunications work
has been supported by the Telecommunications Technology Forecasting Group
(TTFG I. an industry as~ociation of major LECs in the United States and Canada
which was formed in 1985. The mission of the TTFG is to promote the under
standing and use of technology forecasting techniques. economic evaluators. and
engineering models to predict and support the continued evolution of the
telecommunicmions network. Linder TTFG sponsorship. TFI has produced
numerous major studies on telecommunications technology adoption in a span of 10

years. long enough (Q establish a track record. The list is shO\\/11 in Attachment 2.

The TFI studies fall into three gener..l! categories. First is a series of industry
studies on the adoption of new technology in the telephone network. We started
doing these studies in 1985 and have issued updates over the years. The most
recent report. Trall.~t'orlllillg the Local EXc!llmge Network: Analyses lind Forecasts·

o( Teellllningy Ciumge. was Issued In 1994 and covers s\\'ltchmg eql1lpment. OUl

"Ide plam. and CIrCUit equipment. These studies prOVide quantitative foreC.lsts oi

the adoptIOn of new technOlogy-and the replacement of old technology-m future
years.

14



Second is a set ot .;e\"en studies completed het\\"e~n 1991 :..mJ Iqq ~ on th~ n~-=J

for and adoption of new digital telecomrnunicJtiom ~en'ice.;. In these studies. we

assessed the drivers and benefits. JS well JS the constraints. of ne\\' "ervice~ it) rr0

vide applications such as advanced fax. electronic imaging. interactIve multim('~::~.

local area network interconnection. \'ideoconferencing. and imeracti\l' :e !c\l"l\ )i:,

We concluded that there is a potemia~ mass mJrket for these application". ~ll1J :::~::

the widespread availability of digital ~er\'lces i:; reqUIred to sen'e them. \\'c 111':11

developed qu:,mtit:uh'e forecasts of demand o\'er time for digital sef\lces at \ anau ..
data rates. The results of the studies were summarized in our 199 _~ reron .\"(' \\'

Telecommllnications Sen'ices alld the PlIblic Teleplu l l1t' .Vent'or/..:.

Third are several studies on the effect of competition on the existin~ inwqmem
in the local exchange network. These studies quantify the revenue !thSI'> in \'()ic~

services that are likely due to competitors lIsing technologies that make obsolescent
today's copper network. The most recent is our 1995 repon. Wireless (/Ild Clhh·
Voice Sen'ices: Forecasts and Competiri\'e Impacts.

A unifying conclusion from these studies is that regulatory depreciation li\"es are
much too long. especially given the climate of rapid change we are entering.

Life Estimates for Telecom
Equipment

The remaind~r of this report reviews the TFI industry forecasts for the lll:.ljor
categori~s of LEe network equipment: outside plant. circuit. :,md switching. Since.

the ~ame basic drivers are present ;.tcross the nation (technology advanc~. comp~ti

tion. and the need for ne\\' sa\'ic~s I. the industry perspecti\'e is generally applicahle
to indi\'idual companie~, The forecasts are detailed in Trtll1st(ml1i!1~ II/(' Loml

ErcJum-.:c: .Vc:nmr/..:. The estimated a\'erage remaining li\'es l ARLs) reported herein
h:.l\'e been updated to January l. [1)95 from the January l. 19<J.+ \'alues th:.lt were
reported in the referenced document. Tabular data for the forecasts are pro\'ided In

Auachment 3.

Metallic Cable

The outSIde olant 1" traditionally splIt mto underground. huricd. and aeriai
accoun£s, From the \·tewpoint of cable placemem ;lnd wcar-out. Ih1'- IS a iOglC:l1

categonzatlOn:bur when technOlogical ohsolescence I" the dn\'er for change. the
categorization is less useful. In applying technol0gy forecasting. we have. instead.
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Depreciation Lives for Telecom Equipment

distinguished between interoffice. feeder. and distribution plant. which are spre:.ld
among the three traditional accounts. I We chose this approach because technology
is being adopted differently and at different times in the interoffice. feeder. and di~

tribution parts of the exchange network.: Also. some of the drinng: force~ of
change are different.

Outside Plant-Interoffice Cable

At year-end 1993. the interoffice plant was 96~ digital and 7.+([ fiber. ~l~

measured by circuits in use.:;. ~ Thus. there is relatively little metallic investment
still being used in the interoffice enyironment. Almost all new im'estment IS tiber
and the metallic carrier share has declined steadily. Exhibit 5 shows the technology
shares over time, Our forecasts indicate that. for the industry. the interoffice net
work will be almost 1007(' fiber by :000.

Our forecast for the adoption of fiber. and the displacement of non-fiber facili
ties. is based on a multiple substitution analysis of historical data through year-end
1993 and planning data through year-end 1995.5 For interoffice copper. the analy
sis indicates an ARL of 2.9 years as of 1/1195.6

I {mann!,,£, tal.:illtic:s connectt~lephone wmp:my central offices (where thc switches arc IOI.:atcd)
with each other. Feeder iacilities are cables that extend from a central office toward the
ncighhorhoods and husiness areas served by the central office. A typical feeder cahle usually serves
J klrgc numher of customers. The disrribrllioll network extends from the termmation of the feeder
facilities to residences and husinesses.
~ For example. most interoffice facilities today are fiber optic systems. while most feedcr fal.:ilities
arc provided on copper L'ahlcs. However. the usc of fiher optics in the feeder network is growing
rapluJy. In the diminution network. copper I.:aole is hy far the mosl common technolo~y.

although liher optl(: systems arc heginning 10 he adopted.
~ To he more precise. our units are "equi\alcnt vnice-frequency circuits in usc:' although WI:

usu~llly jusl rcler to them as "circuits'" For example. :l \'DIce frequency copper cIrcuit on two or
four \\'irc~ ,-,ounts as one circuit. Each \"()ice frequency equivalent CIrCUit In usc on a carner system
is counted as one circuit. BOlh switched and Ikdicaled circuits are inCluded. For data serVIces. each
t1~ Kh/s is considercd to hc cquivalent to one circull. Thus. a leascd DS I line ( 1.5~~ Mots) IS

l.:Ounted as 2.+ circuits.
4 SOl/rce: 'Year-end I\}I.)} ARMIS data reported to the FCC.
" The histOrical data for IY~O-19S9 IS trom TFI files. the hlstoncal data lor 19YO- 194- IS from
AR~llS reports tiled wllh the FCC. and the piannlOg data for 199'+- 1995 IS the \\'el~htCd average
lrom the sevcn LECs (reprCscnllng mcr ':10 million working access lines In 1993) that pnWlucJ us
planning data. (We used the planning data In our forecasl hecausc we have generaliy lound that the
tirst sC\'cral years of planning data is reliahlc and improves mid- to long-range forecasts. I

(, See Tahle :'.1 in :\llal..'hment 3 for ARL I..'omrut:ltions.
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Outside Plant-Feeder Cable

In the feeder plant. Digital Loop Carrier (OLe) systems ha\'c been redudng tht.'

need for copper pair~ for many years. Both metallic-based and fiber-based OLe
systems have been adopted. although fiber OLC systems are beginninf !(l dl1I11m:l:':

in the industry, The repiacement of both voice frequency copper cahle :ll1d m~tal!i,:

based DLC systems by fiber optic sy'items characterize future technology ch:.mgc 111

the feeder plant.

Exhibit 5
Interoffice Technology Shares
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Exhibit 6 shows the percentage of access lines sen'ed hy each of th~ maJor
technology types for tile l:-:dustry, The forecast IS hased on a multiple suhstitution
analysl~ of hIstoncal and pJannmg data. ..;hown by the markers. 7 Between Il)l)~

-; The hlslOm;al dala tor I tis/)· IllS'I " from TFI rjk~, the hi,~lOri~'al d:lla rpr I l,Il)(l. 1YlJ:; j" Irom
,\RMiS rcron~ ,'iled with th.: FCC. and the plannmg data for 19l)4.19~5 j, th~ \\l:igtllcd a\cr:lge
lrom the cl~ht LEes Ircrre".:nlln~ 0\ cr i ()() million working acl.:css llJlcs In Il,IY~ I that prmlJeu u"
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and 1000. conventional fiber-based OLe will continue to grow. reaching :.l peak at

about 23'iC of access lines by 2000. This period will also see the rapid growth of

fiber in the loop (FITL) systems. which. under the industry middle scenario

(discussed in the next section). are forecast to sen'e 15<:;£- of access lines by 2000.

After :WOO. FITL systems are forecast to rapidly displace all other types of feeder
technologies. serving 50'iC of access lines by :W04. 90':"( by 2010. and essenti~ly

all access lines by 2015. Based on these resulrs. an industry ARL of 7.0 to 7.S

years (as of 1/1/95) is expected for feeder metallic cable. depending on which FITL

scenario is diosen.8

Exhibit 6
Feeder Technologies-Percentage of Access Lines
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plannmg d:ll~. While DLe will continu-: !() ,uh,titut-: f(lf feeder copper. FITL systems will also
Impact fecdcr copper fadlities in the same m~nncr II will Jistrihullon facilities. With \cry few
e\L·cpllons. FITL will reqUIre tih-:r feed-:r. Thu~. we Incorporated the FlTL adoption into the feeder
multiple SUOSlIlullon analysIs.
~ S~t: Tahle .~.2 in All:lchmen! ,) for ARl ~·()mrutali()ns.
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Outside Plant-Distribution Cable

We use the term ATL to refer to any architecture that extends tiber [() ;J.n ;,u'ea l)!

no more than se\'eral hundred customers: the last link to the customer ma~ ne- ,1r
copper pairs. coaxial cable. fiber. or wireless. There are a number of ;J.n~hlle..'tlln."
that are under consideration or are being planned. A true consensu" h;J.s yet tl'

eme/"!ze on ;J. sin2:le FITL architecture. Continuing cham!es in technolo2\". cost".
..... - . - . - --

regulation. business relationships. market forecasts. and market sh;J.re assumption"
probably mean consensus wiII be arrived at only gradually. Whate\'er architectllre
is chosen. it will displace the vast majority of copper investment.

Our analysis of distribution facilities includes three scenarios for the :ldopticHl (1f

FITL. Each of these scenarios is based on composite forecasts of the demand for

wideband and broadband digital services. The "early" scenario assume." that fiher
is deployed rapidly to meet the emerging demand for new wideb:md sen'ices at 1,5

Mb/s or similar data rates. The "late" scenario assumes that wideband sen'ices are
deployed on copper pairs using interim copper technologies such as Asymmetrical
Digital Subscriber Line (ADSLl and High-speed Digital Subscriber Line (HDSL J.

and that fiber is not rapidly adopted until the demand for broadband services ("+5
Mb/.~ and above' emerges. The "middle" scenario is an average of the two others.

Exhibit 7 shows forecasts for the demand for wideband and bru:ldb~lIld services
from TFrs recent Nell' Se11'ices Study,9 Also shown is the required fiber
deployment under the early and lure scenarios. respecth'ely, The relationship
between deployment (which detennines service ;].\'ailability) and demand is deri\'t~J

from a prior TFI analysis of the historical a\'aibbility and adoption of four TV

based sen'ices,1 () Exhibit S graphically illustrates the averaging process Llsed tll

ohtain the middk scenario from the other two,

l) L. K. \'anston, \\'. J, Kennech. ;lnd S. El·Batlry.~ancc . .-\ F(lc,Hll1i/1' oT rhl' FIITl/rc: F"rl'('(Jst.1 ("
,\!arketsaJld Teclrll(Ji(lC!l(:,~ (19911: L. K. Vanslon. S. EI-Badr\-~am;c. W J, KcnncL1~. anti N, E.
Lu ..... Comf'lIler·Bawd /ma.s:lI/f! (//I() TelecOIIIJlI/I/llc{//ifJl/S: FOI'C'('(Jsts of -\farke1S alld Tedll7oiog/cs
(19921: J. A, ~1;.Ir~h and L. K, \'anslon./lITeracril'c :\I1I/IIllIl'dlll alld Tc/eCOIII/IIIII1ICllTIIIIJ.I:

FOfl'casTS of ,\!al'{.;{'lS alld TCc!lI7oiogle.1 ( I'N2 l: B, R. Kra\'Hl ;lnu L. K. Vanston. Local 1\ rl'(/

\'C,II'm'k IlIiercII//l1ec/io// aJld Tclt't'II/IIl1IlIIlIcario/ls ( 11)1.)2 I: L. K. V;lnslon. J. A, \Iarsh, and S. 1\ I.
Hinton. Video COII//IIIIII/CarI0I11 (1l)921: L. K, Vanslun, J, A. \1arsh. and S 1\1 Hilllun,
Te/e('(JI/1I11UIIICarUms tor Tei£'I'/s/OIIIAul'{///c('d TeI('l'Is/(1I/ ( !1)92l: ;lntl L. K. Vans(on, .v"ll
TeiccOIIII//IIIl1CllTlmrS Scr\'tces (11/(1 the PI/blic Telepllo//£' X!'rll'fJrk (191.)31 I Austin. TX:
Tccnnology Futures. In.:,).
\0 Vanslon, l\larsh. anti Hinton. Tele('()/II/IIllllicariol1s r(11' Telcl'isiflll/Adl'(J//ced Telt'l'i.IHI/I. rr·
123- I~: and Vallston. ,\'ell TeiCCO//IIIIl1I1/('(I1iolls SC/l'lces alld the Public Telt:f,{/ol/(' ,Vcrwork.
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